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(loop-mediated isothermal amplification, LAMP)

(lateral flow dipstick, LFD) , (Ulva compressa) LAMP-
LFD (ITS1-5.8S-ITS2) , 3
«C ) 1 , LAMP
63°C, 60 min, LFD 70 min LAMP-LFD
0.1 pg DNA, UcoITS-F3  UcolTS-B3 PCR
100 , LAMP-LFD
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, 2003 , LAMP-LFD
, (Ulva) LAMP (biotin) ,
(Hayden et al, 2003) (fluorescein isothiocyanate, FITC)
(lateral flow dipstick, LFD)
(PCR ) ,
(Polymerase Chain Reaction, PCR) (Nimitphak
, et al, 2008; Puthamibool et al, 2009; Ding et al, 2010;
(Coyne et al, 2005; -2014)
Goffredi et al, 2006; Yuan et al, 2012; Antonella et al, (ITS1-5.8S-
2013; Doll et al, 2014) ITS2) 3 1
Notomi  (2000) LAMP-LFD
—_— (loop-
mediated isothermal amplification, LAMP), 1
Bst DNA , 1.1
6—8 , (
10°—10" (Notomi ef al, 2000) LAMP )
, LAMP (Hiraoka et al,
, 1998), Duan  (2012)
1, ,
(lateral flow dipstick, LFD) 55 LAMP
%1 LAMP-LFD 72 I 2R ERABRED Bk
Tab.1 Algal species used in LAMP-LFD assay
Alexandrium tamarense NMBjah048 ( ,2010)
Gyrodinium instriatum NMBjah046 ( ,2010)
Prorocentrum donghaiense NMBjah045 ( ,2006)
Scrippsiella trochoidea NMBjah044 ( ,2010)
Heterosigma akashiwo H1 ( ,2006)
Ulva compressa SDF10 (Duan et al, 2012)
Ulva compressa 55 (Duan et al, 2012)
Ulva flexuosa SDF12 ( ,2011)
Ulva linza HS42
- Ulva ohnoi Fl4
Ulva pertusa SDF30 (Duan et al, 2012)
Ulva prolifera XS5 ( ,2011)
1.2 DNA Germany) DNA  Qubit 2.0 Fluorometer

DNA

DNA (Qiagen, Hilden,

(Life Technologies, Carlsbad, USA)
,—30°C
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1.3 LAMP-LFD

NCBI ITS1-5.8-ITS2
(GenBank : AF013982) 3 s
UcolTS-F3 UcoITS-FIP
UcolTS-B3 UcoITS-BIP,
UcoITS-LF ~ UcoITS-LB, LAMP( 2, 1)

, 1 DNA UcolITS-HP
( 2, 1 , UcoITS-FIP
5’ biotin , UcoITS-HP 5’ FITC
R UcoITS-F3  UcolTS-B3
PCR , 333 bp
«C )

#*2 RHE ITS1-5.8-1TS2 £ F & LAMP-LFD 3|#¥) 1R $t 51
Tab.2 The primers and DNA probe targeting ITS1-5.8S-ITS2 of U. compressa used in LAMP-LFD assay

( ) (5—3")
UcolITS-F3 19-mer CTCTCGCAACGATGAAGAA LAMP/PCR
UcoITS-B3 20-mer CTCAGGTCGAATGGAAAGTT LAMP/PCR
UcoITS-FIP 37-mer (Flc+F2)* CCGACGCTGAGGCAGATGGCAGAATTCCGTGAGTCAT LAMP
UcoITS-BIP 42-mer (Blct+B2) CTGGCTGAAGTACAGAGGTTCGAGTATCCTTCGTGGCTCATA LAMP
UcoITS-LF 18-mer TGGTCTCGTCCGAAGACT LAMP
UcolITS-LB 19-mer GACTAGGTAGGTTGCTCGC LAMP
UcoITS-HP" 17-mer GTCCTTGCGGCCGGGCT LFD
a UcolITS-FIP 5’ biotin ;®UcoITS-HP 5’ FITC
238 CTAGGCICTCGCAACGATGAAGAACGCAGCGAAATGCGATACGT (New England BioLabs, )8 U,
DNA 1uL DNA
282 AGTGTGAATTGCAGAATTCCGTGAGTCATCGAATCTTTGAACGCA 3
s 55 DNA (1.0x10
327 CATTGCCGGTCGAGTCTTCGGACGAGACCACATCTGCCTCAGCGT pg/uL) , 61 63 65°C LAMP
.................. B, , DNA
372 CGGGATACCCCCTCACGCCCGCTCGCGAGAGCGGGCCGTGGACC
10 )
416 TGGCCCCCCCGGTCCTTGCGGCCGGGCTGGCTGAAGTACAGAGG 1.0x10°  1.0x10> 1.0x10" 1.0x10° 1.0x10"
-2
460 TTCGTGCGCGGCCCATTCGCGGCCCCGACTAGGTAGGTIGCTCGE 1.0x10" pg/pL. 6 DNA >
LAMP ,
505 AACTTCTAGGCGGAGGCTCGGTGCCGTGTGCTATGAGCCACGAA ]
549 GGATACTAACTTTCCATICGACCTGAGTTCAG DNA 20 30 40
50 60 70 min LAMP s
1 rDNA ITS1-5.8S-ITS2 , 2% i
LAMP-LFD
Fig.1 Design of primers and DNA probe targeting
ITS1-5.8S-ITS2 of U. compressa used in LAMP-LFD assay 1.5 LFD LAMP (LAMP-LFD)
UcoITS-LFec  UcolITS-Blc UcolTS-B2¢  UcolTS-B3c LFD Milennia Biotec GmbH
UeoITS-LE - UcolTS-BI - UcolTS-B2 - UcolTS-B3 (Milenia GenLine HybriDetect by Milenia Biotec
1.4 LAMP GmbH, Germany) ,
(2010), 20 mmol/L Tris-HCI (pH 8.8), 6.5 ; FITC
mmol/L MgSO,, 10 mmol/L KCI, 10 mmol/L(NH,4),SO,, > biotin ;
0.1% Triton X-100, 1.6 mol/L , 1.4 mmol/L FTIC s
dNTPs, UcoITS-F3  UcolITS-B3  0.2umol/L, R biotin LAMP
UcoITS-FIP  UcolITS-BIP 1.6pmol/L, , , 20 pmol FITC
UcoITS-LF  UcolITS-LB  0.4pumol/L, Bst DNA UcoITS-HP , 63°C 5
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min 5 uL 80 uL Buffer , Duan  (2012) s
Buffer 3 min s 250 mL
DNA R 1.2 >
1.6 LAMP-LFD LAMP-LFD  PCR
(Ulva compressa) SDF10
(Ulva flexuosa) SDF12  Ulva ohnoi FJ4 2
(Ulva linza) HS42 (Ulva pertusa) SDF30 2.1 LAMP
(Ulva prolifera) XS5 , DNA(1.0x10° pg/uL)
(Alexandrium tamarense) NMBjah048 , 61 63 65°C LAMP 3
(Gyrodinium instriatum) NMBjah046 ,
(Prorocentrum donghaiense) NMBjah045 DNA ( 2a)
(Scrippsiella trochoidea) NMBjah044 63°C , s
(Heterosigma akashiwo) H1 , 63°C ( 2a)
11 LAMP-LFD 63°C , 1.0x10° pg/uL
DNA 1.2 , 1.0x10° pg/uL ( 2b),
DNA 1.0x10° pg/uL LAMP 27—41 min ( 2c),
, 1.4 , ( 20, 60 min
LFD , ( 2b)
1.7 LAMP-LFD 1.0x10° pg/uL DNA ,
1.4 , 55 6 50 min , 70 min
(1.0x10%, 1.0x10%, 1.0x10", 1.0x10°, 1.0x10"" 60 min ( 2d),
1.0x102 pg/uL) DNA , ( 20) 60 min
LAMP , 2%
LFD 2.2 LAMP-LFD
, 6 DNA 11
, UcoITS-F3  UcolITS-B3 , DNA(1.0x10° pg/uL) , LAMP
PCR PCR 25 uL, 63°C 60 min , SDF10
10xPCR Buffer 2.50 pL, 5 U/uL rTaq DNA 55 ( 3a,3b),
(TaKaRa, )0.25 upL, dNTPs (0.25mmol/L)
2uL, 0.20 pmol/L gyrB-F3 2 pL, 0.20 umol/L gyrB-B3 ( 3a,3b),
2 uL, 1 pL, PCR 5
1 95°C 2 min ; 94°C 30 s, 55°C 30 s, ( 3a, 3b) LFD ,
72°C 30 s, 30 ; 72 °C 10 min DNA ,
2% , 10
1.8 LAMP-LFD
3 55, 1.2 ( 30
DNA , , 2.3 LAMP-LFD
, LAMP , LAMP ,
, LFD 1.0x10° pg/plL(
4a), LFD 1.0x10"
1.9 pg/uL ( 4b) UcoITS-F3  UcoITS-B3
12 100 PCR
, 400 mL 500 mL , 1.0x10" pg/uL(  4c)
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N

|

@& 10°pg/uL
041 & 10%pgiL
15 0.3 & 10'pg/uL
%02 * 10%g/pL /
® + 10'pg/pL /
= /
@1 7
0 e
10

40 50 60 70

[+ d
50+
407 y=4.68x+21.92
£ R=0.99
i 30
&=
)
04
b 20
2
= 10/
0- " a4 N )
RS R\ 9 S pg/uL
EHFALHDNA
2 LAMP
Fig.2 The optimization of LAMP for detection of U. compressa
a. 13 5, ;2 46, 55 DNA(1.0x10° pg/uL) M,
GeneRuler 100 bp plus DNA Ladder; b. DNA LAMP ;. NC, DNA c.
( ) DNA , d. (1.0x10° pg/uL) DNA ,
LAMP ;1 NC, DNA
2.4 LAMP-LFD , , ( 3
3 55 DNA PCR JS-3-1 JS-10  JS-11,
,  1.0x10" pg/uL DNA S19 , (
LAMP , 3) ITS1-5.8S-1TS2
; 1.0x10°" pg/uL DNA JS-3-1 JS-10  JS-11 , S19
LAMP , LFD , ( 3
DNA LAMP LAMP-LFD 3
s ; DNA
2.5 LAMP-LFD (Hiqashi-Okaj ef al/, 1999; Raman et
al, 2004; Mamatha et a/, 2007),
12 2 2 2
JS-3-1 JS-10 JS-11 ( 3) LAMP-LFD

JS-3-1

JS-10  JS-11
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0.2 - Ucom1 % Uper — Pdon sanemsstassatetien

0.4 o Ucom?2 *UpTO -+ Stro ’,-*' .'"“..........
i 03| «Ufle - Atam = Haka = .
§ 02| “*Ulin - Glins NC ',’(
]-,’T{ 0.1 + Uohn {-" 4
C =

10 20 30 40 50 60

b B E/min

QdQQQQé\)Q@ \'§c',\°% Q

3 LAMP(a b) LAMP-LFD(c)

Fig.3 Specificity test of LAMP (a, b) and LAMP-LFD (c) for
detection of U. compressa

Ucoml, 55; Ucom2, SDF10; Ufle, SDF12;
Ulin, HS42; Uohn, FJ4; Uper, SDF30;
Upro, XS5; Atam, NMBjah048; Gins,

NMBjah046; Pdon,
NMBjah044; Haka,

NMBjah045; Stro,
H1; NC, DNA

(Smetacek ef al, 2013) 2008

E

b

(Liu et al, 2013a),
10 (Ye et

, 3

al, 2011)

>

(Blomster et al, 1998; Malta et al, 1999),

> >

ITS (rbel)

NC: DNA
1.0x10" pg/uL; LAMP  1.0x10° pg/uL; PCR

(Blomster et al, 1998; Coat ef al, 1998),
(Liu et al, 2010; Wang et al, 2010;
Duan et al, 2012) Xiao (2013) ITS
(RFLP)
rDNA PCR

, 58

bp M NC 10° 10° 10" 10° 10" 107

4 LAMP(a) LAMP-LFD(b) PCR(c)

Fig.4 Comparison in detection limit to U. Compressa by LAMP

(a), LAMP-LFD (b), and PCR (c)
LAMP-LFD

1.0x10" pg/uL
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bp M NC 10° NC 10° NC 10° 10" NC 107 NC 10" NC

RS

o3

5 LAMP(a) LAMP-LFD(b)
Fig.5 Reproducibility of LAMP-LFD(a) and LAMP (b) for detection of U. compressa
a. 1.0x10° pg/uL DNA i NC, DNA b. 1.0x107" pg/uL DNA

; NC, DNA

#*3 FHAEMYWE. LAMP-LFD KK PCR A BKERPREBHENER
Tab.3 Detection of U. compressa from field samples by microscopic examination, LAMP-LFD, and PCR

ITS1-5.8S-1TS2/

LAMP-LFD PCR (GenBank )
BW30 - - - /
JS-3-1 + + + +/(GenBank: KR006936)
JS-10 + + +/(GenBank: KR006937)
JS-11 + +/(GenBank: KR006938)
FJ-10 - - - /
FJ-11 - - - /
FJ-12 - - - /
S19 - - + /(GenBank: KR006939)
S76 - - - /
S77 - - - /
S78 - - - /
HS42 - - - /
(2012) ITS LAMP-LFD ,
S PCR R 0.1 pg DNA, UcolITS-F3
10 pg DNA Zhang (2014) UcolITS-B3 PCR 100
5S rDNA 12 , LAMP-LFD
(FISH), PCR

B

LAMP-LFD , PCR
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(Liu et al, 2010; Wang et al, 2010; Duan et al,
2012), PCR ,

RFLP PCR
(Duan et al, 2012;
Xiao et al, 2013), PCR
LAMP-LFD
PCR )

(Schnetz-
, LAMP-LFD

60 min ,

inger et al, 2013)

70 min ,
LAMP-LFD ,

ITS1-5.8S-ITS2
LAMP-LFD

s 0.1 pg
DNA; , LAMP LFD

70 min,

, 2010.
, 26(6): 472—480
, 2014.

,22(12): 1584—1594

, , , 2011.
, 39(12):
6936—6938
, , , 2006.
,30(12): 58—61
, 2012. PCR

5 s

,36(1): 30—35
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RAPID DETECTION OF ULVA COMPRESSA BY LOOP-MEDIATED ISOTHERMAL
AMPLIFICATION COMBINED WITH LATERAL FLOW DIPSTICK

CHEN Xian-Feng"?, ZHOU Qian-Jin',

WANG Rui-Na!,

DUAN Wei-Jun?, MIAO Liang', CHEN Jiong'

(1. School of Marine Science, NingboUniversity, Ningbo, 315211; 2. Academy of Inspection and Quarantine, Ningbo, 315012)

Abstract

A rapid loop-mediated isothermal amplification (LAMP) method combined with a lateral flow dipstick (LFD)

was developed to detect Ulva compressa. Three pairs of primers that specifically recognized 8 conserved regions of the

internal transcribed spacer regions (ITS1-5.8S-ITS2) were designed and UcolITS-FIP, the forward inner primer, was

biotinylated. In addition, a DNA probe was designed to specifically recognize the given region of ITS1-5.8S-ITS2, and it

was labeled by fluorescein isothiocyanate (FITC). The optimized conditions for LAMP assay were recommended at 63°C

within 60 min and the whole course including nucleic acid amplification and visual detection by LFD was less than 70 min.

The LAMP-LFD assay could specifically detect U. compressa and distinguish it from U. prolifera, U. flexuosa, U. ohnoi, U.

linza and U. pertusa. And no positive results could be observed from several common microalgal species, i.e., Alexandrium

tamarense, Gyrodinium instriatum, Prorocentrum donghaiense, Scrippsiella trochoidea, and Heterosigma akashiwo. The

LAMP-LFD assay achieved a limit of detection of 0.1 pg genomic DNA of U. compressa, which is 100 times lower than

that of PCR assay using primers UcolTS-F3/UcolTS-B3. U. compressa could be successfully detected from filed samples

by LAMP-LFD, which is coincident with the results obtained by the traditional microscopic examination. Therefore, this

rapid and specific method is wellsuited for the detection of U. compressa in water samples.
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